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Abstract – The objective of this work was to analyze the effects of immunocastration on the performance and 
carcass quality of steers in the finishing phase, compared with non-castration and surgical castration. Data 
from ten studies with records of 1,261 male bovines were analyzed. The studies included in the meta-analysis 
necessarily contained treatments with immunocastration specifically against the gonadotropin-releasing 
hormone. Each study was considered as a random effect in the statistical model used. The data were tested 
for homogeneity of variances and residue normality, and then subjected to the analysis of variance. Means 
were compared by Student’s t-test. Non-castrated steers showed greater daily weight gain, feed efficiency, 
slaughter and hot carcass weights, and loin eye area, besides lower fat thickness than surgically-castrated 
animals and the lowest a* and b* meat coloration values. Overall, immunocastrated steers were inferior to the 
non-castrated ones, but superior to those surgically-castrated. Immunocastrated steers present performance 
and carcass traits superior to those of surgically-castrated animals, but similar meat quality.
Index terms: castration methods, daily weight gain, fat cover, forest plot, meat quality.
Meta-análise da técnica de imunocastração (anti-GnRH) 
para bovinos machos em fase de terminação
Resumo – O objetivo deste trabalho foi analisar os efeitos da imunocastração sobre o desempenho e a qualidade 
de carcaça de novilhos em terminação, em comparação à não castração e à castração cirúrgica. Analisaram-se 
dados de dez estudos, com registros de 1.261 bovinos machos. Os estudos incluídos na meta-análise continham, 
necessariamente, tratamentos com imunização ativa contra o hormônio liberador de gonadotrofinas. Cada 
estudo foi considerado como efeito aleatório no modelo estatístico utilizado. Os dados foram testados quanto 
à homogeneidade de variâncias e à normalidade dos resíduos, e, posteriormente, submetidos à análise de 
variância. As médias foram comparadas pelo teste t de Student. Os novilhos não castrados apresentaram 
maiores ganho de peso diário, eficiência alimentar, pesos ao abate e de carcaça quente, e área de olho de 
lombo, além de menor espessura de gordura que os castrados cirurgicamente e menores valores de a* e 
b*, para coloração da carne. No geral, os novilhos imunocastrados foram inferiores aos não castrados, mas 
superiores aos castrados cirurgicamente. Novilhos submetidos à imunocastração apresentam características 
de desempenho e de carcaça superiores aos castrados cirurgicamente, mas qualidade de carne similar.
Termos para indexação: métodos de castração, ganho de peso diário, gordura de cobertura, forest plot, 
qualidade de carne.
Introduction
The surgical castration of production animals is a 
common, but controversial practice, which is often 
carried out to reduce problems related to aggression 
and sexual behavior (Price et al., 2003). According to 
Freitas et al. (2008), this procedure may also influence 
the meat quality of steers, since it increases carcass 
fat thickness, which is a trait desired by the industry 
in order to protect the carcass during refrigeration, 
avoiding undesirable visual appearance and a 
phenomenon known as “cold shortening” of meat.
However, many producers prefer not to castrate 
male bovines marked for finishing. This is to take 
advantage of the anabolic hormone (testosterone), 
which promotes muscle hypertrophy and results in 
greater weight gain, slaughter and carcass weights, as 
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well as carcass and muscle yields (Moletta et al., 2014). 
In addition, this type of procedure is also negatively 
perceived due to the distress inflicted to the animals 
(Coetzee et al., 2010). According to Grandin (2014), 
castration and dehorning are the main causes of pain 
and suffering of bovines reared wholly or partially 
with free animals in the pasture, and may also result 
in costs related to postoperative complications, lower 
weight gains, and increased risk of death.
In this context, the production and commercialization 
of beef has been undergoing a transformation in the 
last years, with animal welfare concepts becoming 
one of the pillars that support current production 
systems. Therefore, other castration strategies have 
been developed, taking into account the welfare of 
both animals and the people involved in management 
activities, with less stress and greater safety for both.
Immunocastration represents a sound alternative 
to the surgical procedure. The technique reduces the 
production of testicular steroids (Oliver et al., 2003) 
by immunizing against the gonadotropin-releasing 
hormone (GnRH) (Janett et al., 2012a). This interrupts 
the hypothalamic-pituitary-gonadal axis by hindering 
the access of secreted GnRH to its action site in the 
pituitary gland. This way, regardless of the adopted 
castration method, the pituitary is not able to release 
the luteinizing and follicle-stimulating hormones 
that promote testosterone synthesis in male gonads 
(D’Occhio et al., 2001), which is responsible for 
increasing protein anabolism in animals.
Several studies have been carried out, in many 
countries, in order to evaluate the effectiveness of 
immunocastration on the productive efficiency and 
performance of animals, as well as on meat quality. 
However, when considered on their own, results do not 
always agree.
The objective of this work was to analyze the effects 
of immunocastration on the performance and carcass 
quality of steers in the finishing phase, compared with 
non-castration and surgical castration.
Materials and Methods
The meta-analysis was done using combined data 
from ten studies with records of 1,261 male bovines in 
the finishing phase and subjected to varying feeding 
systems in different countries (Table 1). The reviewed 
studies evaluated the effect of immunocastration with 
a specific vaccine to induce anti-GnRH antibody 
production, tackling parameters related to animal 
performance and carcass and meat quality.
The bibliographic research was done with specific 
search engines in the: Scientific Electronic Library 
Online (Scielo, 2015), Portal de Periódicos Capes/
MEC (Capes, 2015), ScienceDirect (Elsevier, 2015), 
and Web of Science (Clarivate Analytics, 2015). The 
keywords used in the research were: bovine or “feed 
cattle” or cal* or head; immunocast* or “against 
GnRH” or “castration methods”; and “average daily 
gain” or “carcass characteristic” or “animal welfare” 
or behavior*. The main criteria for including a work 
in the database were: group of immunocastrated steers 
as part of the trials; study performed between 2000 
and May 2015, to avoid comparisons with excessively-
aged drug technologies; immunocastration carried out 
exclusively with a specific vaccine against GnRH; and 
daily weight gain, body weight characteristics, and 
carcass and meat quality as evaluated variables.
Specifically for animal performance characteristics, 
the criterion used for the inclusion of the studies was 
containing the initial weight, slaughter weight, and 
average daily weight gain (DWG) of the animals. 
For dry matter intake (DMI) and feed conversion, 
the criterion was describing these variables in a way 
that allowed calculating food efficiency, i.e., the ratio 
between the average DWG and daily DMI. According 
to Lovatto et al. (2007), when information for certain 
variables is lacking among the observed studies, 
multidimensional descriptive analytical resources are 
diminished in the analysis, requiring a one- or two-
dimensional approach.
For carcass and meat traits, a determinant condition 
for the inclusion of studies in the database was using 
standardization methods and evaluation equipment. In 
these studies, weight was measured immediately after 
slaughter and hot carcass yield was also calculated. The 
pH in the longissimus dorsi muscle was determined 24 
hours after slaughter, at the twelfth rib of each animal, 
using a digital potentiometer. A sample corresponding 
to the HH section was taken from the right side of half 
carcass, to obtain the loin eye area (LEA) and to verify 
subcutaneous fat depth (SFD), coloring, and marbling. 
To determine LEA and SFD, the contour of the 
exposed longissimus dorsi muscle and the height of the 
fat covering this muscle were measured, respectively. 
Marbling was assessed by a subjective scoring scale, 
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ranging from 1 to 18. The color of the meat was 
evaluated by the Cielab system, using the CR-400 
chroma meter (Konica Minolta Optics, Inc., Osaka, 
Japan); it should be noted that subjective evaluations of 
coloring were removed from the database. The losses 
of liquids during thawing and cooking were calculated 
according to Müller (1987), whereas shear force was 
determined using the Warner-Bratzler shear machine 
(G-R Manufacturing Inc., Trussville, AL, USA).
Each study of the database was designated as a 
random effect in the statistical model used, as suggested 
by St-Pierre (2007). The data compiled in the meta-
analysis were subjected to Levene’s test to verify the 
equality of variances. After this step, data normality 
was evaluated using the Kolmogorov-Smirnov test. 
Since DMI did not have a normal distribution, it was 
transformed with the DMI**4 function. The data 
were also subjected to the analysis of variance, at 5% 
probability, using the Mixed procedure of the SAS, 
version 9.2, statistical package (SAS Institute Inc., 
Cary, NC, USA). Means were compared by Student’s 
t-test, at 5% probability. The best covariance structure 
was chosen using Akaike’s information criterion 
(AIC). The following statistical model was adopted 
for the analysis of variance: , where Yijk represents the 
dependent variables; μ is the mean of all observations; 
Ti is the fixed effect of the ith castration condition; Ej 
is the random effect of the jth study; Rk (Ti) is the kth 
replicate effect, within the ith treatment; and eijk is the 
residual random effect associated with observation 
Yijk.
The variables DWG and SFD were further analyzed 
using a forest plot. Initially, a funnel plot was used to 
assess whether there was a publication bias in the meta-
analysis. Since all the works included in the database 
had to necessarily evaluate immunocastration, steers 
subjected to this procedure were chosen as the control 
group, while the non-castrated and surgically-castrated 
ones formed the other two groups considered in the 
comparison. The data organized in each work, such 
as number of events, means, and standard deviations, 
were arranged in Microsoft Excel spread sheets and 
analyzed with the R, version 3.3.2, statistical software, 
using the Meta function of the MetaCon package 
(Schwarzer, 2007). Then, plots were built using the 
forest function. It should be highlighted that one of 
the works was removed from this analysis for not 
containing dispersion information and that there were 
comparative groups within one same study; these 
studies were called a and b in the plot description. The 
heterogeneity of the results between the experiments 
was measured using the I2 statistic (Higgins et al., 
2003), which quantifies the impact of heterogeneity 
on the meta-analysis, with a mathematical criterion 
Table 1. Description of the studies included in the database for conducting the meta-analysis.
Study Publication Country Number of male 
bovines
Food system Breed Treatment
1 Cook et al. (2000) Canada 58 Confinement Cross breeds Immunocastrated and non-castrated
2 Andreo et al. (2013) Brazil 40 Confinement Nellore Immunocastrated and non-castrated
3 Brigida (2014) and Antonello 
(2015)
Brazil 48 Confinement Nellore Immunocastrated and non-castrated
4 Machado (2015) Brazil 48 Pasture + 
supplement
Aberdeen Angus Immunocastrated and non-castrated
5 Freitas et al. (2015) Brazil 39 Confinement Cross breeds Immuno- and surgically castrated + 
non-castrated
6 Amatayakul-Chantler et al. 
(2012)
Mexico 800 Confinement Cross breeds Immunocastrated and non-castrated
7 Jannet et al. (2012) Switzerland 44 - Dutch Immunocastrated and non-castrated
8 Moreira (2013) Brazil 30 Pasture + 
supplement
Cross breeds Immuno- and surgically castrated + 
non-castrated
9 Miguel et al. (2014) Brazil 59 Confinement Cross breeds and 
Nellore
Immunocastrated and non-castrated
10 Amatayakul-Chantler et al. 
(2013)
Brazil 95 Pasture Nellore Immunocastrated and non-castrated
Total - - 1,261 - - -
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independent of the number of studies and of the metric 
effect of each treatment; the choice for a fixed or 
random model was dependent on this heterogeneity.
Results and Discussion
The initial weight of the animals was similar 
between treatments (Table 2), showing the reliability of 
the results obtained after data compilation. However, 
the body weight of steers subjected to different 
castration conditions differed significantly at the time 
of slaughter, being greater for non-castrated animals, 
followed by immunocastrated and surgically-castrated 
ones.
Higher slaughter weights in non-castrated animals 
are a reflection of their greater development, 
compared with the castrated ones (Bretschneider, 
2005). Castration reduces animal growth due to its 
adverse effect on androgenic anabolic hormones, 
besides causing stress, which can last up to 35 days 
(Coetzee, 2011). The results evaluated in the present 
study are in alignment with those of Vaz et al. (2014), 
who concluded that non-castrated mongrel males had 
a higher slaughter weight (425.5±11.5 kg) than those 
castrated by several methods (392.13±12.1 kg). Moreira 
et al. (2015) analyzed the same castration conditions 
as those of the present study and also found that 
non-castrated steers had superior slaughter weight; 
however, these authors did not observe differences 
between surgically- and immunocastrated animals.
The DWG of non-castrated animals was superior 
(p=0.0011) to those of the immunocastrated and 
surgically-castrated ones, which did not differ from 
each other. This result was confirmed by analyzing the 
forest plot (Figure 1), where an increase of 160 g per 
day was observed in the DWG of non-castrated steers, 
compared with immunocastrated animals. The groups 
of immunocastrated and surgically-castrated steers did 
not differ, since the diamond in the plot representing 
the meta-analysis touches the central axis, which 
refers to a relative risk=1. The random effect chosen in 
the construction of the meta-analysis took into account 
data on the heterogeneity between experiments, which 
was represented by I2. It should be pointed out that the 
meta-analysis showed a good weight distribution of 
each study, justifying the choice of the used model.
The superior performance of non-castrated steers is 
explained by the greater influence of male hormones, 
which aid in superior muscular development. 
According to Rodriguez et al. (2014), these animals 
gain weight faster by converting food into lean meat 
more efficiently than the castrated ones. In the latter, 
testosterone inhibition or testicle removal reduces or 
ceases testosterone production (Janett et al., 2012b), 
which affects the destination and use of ingested 
nutrients and weight gain (Oliver et al., 2003). In a 
study in Canada, Marti et al. (2015) hypothesized that 
the lower weight gain for surgically-castrated animals, 
followed by immunocastrated and non-castrated 
ones, was due to the pain inflicted by the surgery, 
which caused a reduction in food consumption and 
a redirection of nutrients towards the healing of the 
injured tissue.
Table 2. Means±standard error and significance of the treatments for performance variables of non-castrated, 
immunocastrated, and castrated steers(1).
Variable Number Non-castrated Immunocastrated Castrated p-value
Initial weight (kg) 1,261 351.79±26.04 348.44±25.99 346.19±26.15 0.5239
Slaughter weight (kg) 1,261 505.88±0.86a 484.89±20.69b 467.51±21.21c 0.0009
Daily weight gain (kg per day) 1,261 1.19±0.15a 1.02±0.15b 0.93±0.15b 0.0011
Dry matter intake (kg per day) 964 9.85±0.72 9.64±0.72 9.48±0.73 0.9879
Feed conversion (kg kg-1) 964 7.04±0.34 7.67±0.34 8.92±0.53 0.0658
Feed efficiency (kg kg1) 964 148.40±5.73a 127.90±5.73b 119.80±6.54b 0.0004
Hot carcass weight (kg) 1,178 291.56±15.24a 273.76±14.01b 263.90±15.40c 0.0006
Hot carcass yield (%) 1,178 56.46±1.31 55.88±1.30 55.60±1.32 0.1239
Loin eye area (cm2) 1,217 77.58±3.18a 74.42±3.12b 70.98±3.26c 0.077
Subcutaneous fat depth (mm) 1,217 3.62±0.57b 4.28±0.55ab 4.75±0.59a 0.444
(1)Means followed by equal letters, in the rows, do not differ by Student’s t-test, at 5% probability.
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Castration, however, did not influence DMI, 
which reflected in similar feed conversion, although 
the latter showed a reduction trend for non-castrated 
animals (p=0.0658). Regarding feed efficiency, 
significant differences were observed between 
castration conditions, with higher values for non-
castrated animals than for surgically-castrated and 
immunocastrated ones. This superior feed efficiency 
is related to the muscle expressiveness of non-castrated 
animals and to the lower energy demand for their 
growth, as previously discussed for slaughter weight 
and DWG. Moletta et al. (2014) pointed out that non-
castrated animals use more nitrogen than castrated 
ones, with increased protein synthesis due to the 
influence of testosterone.
Hot carcass weight also differed significantly, 
being higher, intermediate, and lower (p=0.0006), 
respectively, for non-castrated, immunocastrated, and 
surgically-castrated steers. According to Pacheco et 
al. (2013), carcass weight is one of the most important 
characteristics for the producer, being directly related 
to their income. It should be noted that the values found 
for hot carcass weight reflect slaughter weight, as these 
characteristics have a high correlation. McCurdy et al. 
(2010) reported that the increase in slaughter weight 
improves both hot carcass weight and yield. Hot 
carcass yield, however, did not differ between non-
castrated and castrated animals.
Significant differences were observed for LEA, 
which was greater for non-castrated animals, followed 
by immunocastrated and surgically-castrated ones. 
This is due to the greater body development of 
non-castrated steers, as evidenced by their greater 
slaughter and hot carcass weights, as well as by their 
lower amount of subcutaneous fat. The anabolic effect 
of testosterone is, once more, responsible for favoring 
the increase in protein deposition, at the expense of 
fat, in the animal carcass. Zhou et al. (2011) evaluated 
LEA in castrated and non-castrated Simmental 
steers finished in confinement, and also reported 
higher values for non-castrated animals. However, 
Pérez-Linares et al. (2017) found similar LEA when 
comparing non-castrated and immunocastrated steers, 
which is partly in alignment with the results gathered 
in the present study, where LEA was intermediate for 
immunocastrated animals. The better performance 
of these steers, compared with the surgically-
castrated ones, may be related to the time it takes for 
immunocastration to become effective, which occurs 
approximately two weeks after the second vaccination, 
Figure 1. Forest plot for daily weight gain of steers subjected to different castration treatments. SD, standard deviation; MD, 
mean deviation; and CI, confidence interval.
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delaying the reduced efficiency in muscle deposition 
caused by the treatment. This might be possible, 
especially in the cases of confined animals, due to 
the shorter time in the finishing phase; in this meta-
analysis, the confinement system represented 60% of 
the works that made up the database.
As observed for the other variables, 
immunocastrated steers also showed intermediate 
SFD, compared with the other groups. The forest 
plot indicated a similar result (Figure 2), but with a 
tendency of immunocastrated steers presenting SFD 
0.79 mm greater than that of non-castrated animals, 
but similar to that of the surgically-castrated group. 
This corroborates the work of Turini et al. (2015), who 
found that the deposition of adipose tissue is delayed 
in the meat of non-castrated animals, as they complete 
their muscle development later than the castrated ones.
According to Medeiros et al. (2010), muscle and fat 
deposition rates have a direct effect on food efficiency, 
since gross efficiency (kilogram of feed per kilogram 
of body weight) is lower for fat deposition than for 
muscle tissue development. This fact explains why 
non-castrated animals showed higher feed efficiency, 
greater LEA, and lower SFD (Table 2).
The final pH of meat did not differ between 
treatments (Table 3), being close to the values of 
5.4–5.8 considered as ideal for 24-hour post-mortem 
beef according to Mach et al. (2008). Silva et al. (2014) 
observed that the 24-hour post-mortem pH value was 
statistically lower for castrated (5.51) than for non-
castrated steers (5.62), and the authors correlated 
this result with the greater accumulation of lactate in 
the muscle of castrated animals. The data evaluated 
in the present study, however, agree with those of 
Pérez-Linares et al. (2017), who verified similar pH 
values for longissimus dorsi in non-castrated and 
immunocastrated steers.
The color values of a* (highest red intensity) and b* 
(highest yellow intensity) differed between treatments, 
with non-castrated steers presenting the lowest values. 
Silva et al. (2014) also reported higher a* and b* 
values for castrated steers. Therefore, the flesh color 
of steers subjected to castration, be it surgical or 
immunological, showed more favorable attributes to 
commercialization, as this is the first characteristic 
Figure 2. Forest plot for subcutaneous fat depth of steers subjected to different castration treatments. SD, standard deviation; 
MD, mean deviation; and CI, confidence interval.
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observed and considered for purchase by the consumer 
in the supermarket or butcher shop.
Meat coloration is also affected by low SFD, which 
makes it darker, since there is no fat to protect the 
carcass during cooling and reduce pH during rigor 
mortis. The lower fat depth in non-castrated animals 
(Table 2) could be directly related to the coloration of 
their meat, rendering it less desirable.
The marbling and shear force values were similar 
between treatments. The marbling score was below the 
desired values for all treatments. The production system 
and especially the time of finishing of the slaughtered 
cattle, in the studies compiled for the meta-analysis, 
may have led to this result. Another aspect that should 
be considered is the genetic composition of the steers 
used in the studies – 40% Zebu, 40% cross breed, 
and only 20% European. European animals notably 
present a higher degree of marbling of meat. Huxsool 
et al. (1998) did not observe a significant difference in 
the degree of marbling between animals subjected to 
surgical and anti-GnRH immunization castrations.
The losses during thawing and cooking were also 
evaluated due to their importance in preparing meat cuts 
for consumption, affecting mainly juiciness. However, 
none of these variables differed statistically between 
the analyzed groups. It should be noted, though, that 
thawing loss presented a tendency to change among 
treatments (p=0.0586): meat from non-castrated steers 
retained more water than that from castrated animals. 
Similar results were reported by Moletta et al. (2014), 
who found thawing losses of 4.29% for non-castrated 
steers and of 6.88% for the castrated ones. This result 
is probably associated with the higher finishing degree 
of non-castrated animals, which prevents greater 
losses of liquid during cooling (Moletta et al., 2014). 
In the present study, this hypothesis was confirmed, 
since the steers with greater depths of cover fat tended 
to present greater losses of liquids during thawing.
Conclusions
1. Non-castrated steers have greater daily weight 
gain, feed efficiency, slaughter weight, hot carcass 
weight, and loin eye area than castrated animals.
2. Immunocastrated steers present greater slaughter 
weight, hot carcass weight, and loin eye area than 
surgically-castrated animals.
3. The meat of steers subjected to surgical 
or immunological castration presents greater 
subcutaneous fat depth and better coloring, but greater 
losses during thawing.
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